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PROFESSOR ROUX’S COLLECTED WORKS. 

Gesammelte Abhandlungen iiber Entwicklungsmechanik 
der Organismen. Von Wilhelm Roux. Vol. i. Pp. 
xiv + 816. Vol. ii. Pp. iv + 1075, 10 plates and 33 
woodcuts. (Leipzig: W. Engelmann, 1895.) 

LTHOUGH Prof. Roux must be regarded as the 
founder of that branch of zoological research 
called “ The Mechanics of Development,” which has 
recently become so popular, yet his works are com¬ 
paratively little known to zoologists in this country ; and 
it will probably occasion a mild shock of surprise to the 
English reader, to see the two huge tomes which bear 
Prof. Rouxs name. 

When, however, one peruses these works, it soon 
becomes clear, from the numerous complaints on the 
subject which Prof. Roux makes, that the writer’s own 
countrymen have not been in the habit of reading his 
publications with that care which their imposing size 
would seem to demand ; and whatever wonder one may 
feel at this in the first instance, is soon removed when 
one becomes acquainted with the contents of the volumes. 
It may be said, we think with truth, that next to the 
recording' of careless observations, the most deadly sin 
which a zoological writer can commit is prolixity, and it 
must be confessed that in this respect Prof. Roux sins 
very badly. The quantity of literature which is pouring- 
in on us is stupendous ; it is becoming more and more 
difficult for a zoologist to keep himself abreast of the 
times in more than an exceedingly limited department of 
the subject, and it seems to us that it is the first duty of 
every writer to put his results as briefly as is consistent 
with clearness. In justice to Prof. Roux, it should be 
mentioned that there is in this, as in every “complete 
edition of works,” a good deal of unavoidable repetition, 
since of course the volumes are made up of separate 
papers, in several of which the same or similar subjects 
are treated ; but when every allowance has been made, 
one is obliged to confess that the proportion of theory to 
fact is enormous, and that no effort is made to put 
matters in a compact and terse manner. 

The first volume may be said to contain Prof. Roux’s 
theory of organic evolution, as well as several applications 
of it in specific cases. The proper place to commence 
the perusal is with the second paper ; the first paper 
contains an account of the laws of branching of blood¬ 
vessels, which laws are regarded by Prof. Roux as special 
instances of the general principles deduced in the second 
essay from a general survey of biological facts. 

Pi'of. Roux first shows the extreme difficulty of 
accounting by simple natural selection for the innumer¬ 
able adaptations, carried out into the finest detail, which 
are met with in all the organs of the vertebrate body. Ac¬ 
cording to this theory, a variation, in order to be preserved, 
must be of such decided advantage or disadvantage to 
its possessor as to settle the question of survival. When 
we find, however, that all over the body secondary blood¬ 
vessels are given off at such angles that the blood- 
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current encounters no frictional resistance, that in bones 
the meshes of the spongy ossification are disposed so as 
to strengthen the structure only in those directions in 
which it is apt to be bent, and thus effect the maximum 
of economy consistent with efficiency ; that the fibres of 
fasciae are arranged parallel to the directions of tension ; 
how are we to picture to ourselves such arrangements 
arising from the accumulation of irregular variations ? 
Are we seriously asked to believe that a slight alteration 
in the direction of the fibres of one of the tendons, or in 
the angle which a small artery makes with the larger one 
from which it springs, would determine the survival of an 
individual? Is it credible that animals are so tre¬ 
mendously hard-pressed for food that such a trifling 
economy in material would appreciably affect them ? 
Even if we are capable of such confiding faith in the 
theory, we are met by further difficulties. Suppose, for 
example, that a better arrangement of the skeletal 
material in a given bone will save the life of an animal, 
what right have we to assume that this variation will be 
accompanied by similar advantageous changes in other 
organs? Are not the chances a thousand to one, that 
the advantage which one animal possesses in one organ 
will be balanced by the advantages which another 
possesses in another respect, so that natural selection will 
have no opportunity to heap up variations ? It is to be 
observed that even if we assume that “ related parts ” 
vary together, it will help us. For the question s not one 
of a general change in the character of bones, for 
instance, all over the body, but of the special adaptation 
of each bone to the local needs. Further, if we say that 
at one period in the existence of vertebrates, one organ 
w-as of relatively great importance and improved by 
natural selection, and then another, how are we to 
suppose that the change from an aquatic to an air- 
breathing existence took place? Here, as Prof. Roux 
points out, we must have had simultaneous modifications 
in almost all the organs of the body : the respiratory and 
circulatory organs, the limb muscles, the eye and other 
sense organs, must all have changed at the same time. 

It must be admitted that Prof. Roux has brought 
together a most powerful case against the doctrine of the 
“ all-sufficiency of natural selection,” and we feel sure 
that his arguments will awaken a sympathetic chord in 
the minds of many, if not most, zoologists, amongst 
whom there is a general feeling that we want something 
more than natural selection. 

Destructive criticism is, however, always easier than 
constructive hypothesis, and it seems to us that the 
hypothesis which Prof. Roux puts forward as supple¬ 
mentary to the ordinary doctrine of natural selection is 
not by any means satisfactory. Briefly it is as follows. 
Every cell, he assumes, is made up of various parts 
capable of assimilation and reproduction (the biophores 
of Weismann), and it is infinitely probable that the rates 
of assimilation and reproduction of these parts will not 
be alike. Hence those which thrive best under the 
stimuli which are pouring in upon the cell, will increase 
faster than the others, and gradually squeeze them out 
of existence, and by this means the most useful cell 
qualities will gradually be evolved. The same reasoning 
applies to the cells themselves. We know that in many 
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organs the old cells are gradually worn out and replaced 
by new ones. The cells of the formative layer (such as 
the Malpighian layer of the epidermis) will not be pre¬ 
cisely equal in their qualities, and those whose assimi¬ 
lation and reproduction is furthered by the “ functional 
stimuli ” (that is, the stimuli, such as light, contact, 
chemical action, which call forth the performance of the : 
function of the organ as a response) will flourish at the 
expense of others. The same argument is only capable 
of a limited application to the case of organs, since 
different organs fulfil different functions, and one function 
cannot preponderate at the expense of another without 
upsetting that balance which is essential to the con¬ 
tinuance of life. Nevertheless, that there is some such i 
tendency is shown by the fact that if an organ ceases to 
perform its function properly (such as occurs, for instance, 
in the case of the kidney in Bright’s disease), it is apt to 
be pressed upon, and eventually destroyed by, the 
hypertrophied connective tissue. 

It will thus be seen that Prof. Roux’s theory, which 
he calls “ the Conflict of the Parts within the organism,” 
i s a new explanation of the well-known effects of use and 
disuse. He points out that it completely differs from the 
crude mechanical hypothesis put forward by Herbert 
Spencer in his “ Principles of Biology” ; this latter, dis¬ 
tinguished by Roux as the theory of “ Functional Con¬ 
gestion,” attributed increase in bulk, due to use, to the 
increased blood-supply mechanically brought about by in- 
creased function. xYpart from the fact that increase in bulk 
in an organ only takes place in those dimensions in which i 
it is called for by its function (thus the epidermis increases 
in thickness, a muscle in breadth, &c.), whereas increased 
blood-supply should cause uniform increase in all dimen¬ 
sions, Herbert Spencer’s theory is inconsistent with the l 
fact that if the nerves which convey the ordinary stimuli 
to an organ (such as a salivary gland) are cut, we may 
have congestion accompanied by degeneration, rather 
than increase in size. 

It must be confessed that there is much about Prof 
Roux’s theory which induces one to wish that it were 
true. Apart, however, from the minor circumstance that 
the assumption of competing parts within the cell is an 
absolutely unsupported hypothesis, this theory utterly 
breaks down when we come to consider the question of 
heredity. Let it be granted that the liver consists of 
several kinds of cell, some of which perform their function 
better than others, and thus survive—how are these 
survivors to impress their peculiarities on that portion | 
of the ovum which is destined to produce the liver in the 
young animal ? It seems to us that before the question i 
of “ direct functional adaptation ” can be even entertained j 
by zoologists the question of the possibility of the in¬ 
heritance of acquired variations must be grappled with, j 
and decided one way or the other. 

Prof. Roux next passes on to some general considera¬ 
tions on the nature of life and the origin of life and con¬ 
sciousness ; he points out that life is not capable of being 
statically defined ; it is, he says, essentially a process, not 
a series of chemical attributes, and hence it. is absurd to 
suppose that a slight chemical difference is all we have 
to assume, in order to account for the difference in pro¬ 
perties of living and dead protoplasm. The speculations 
as to the origin of life and consciousness are as fatuous as 
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such theorising usually is, and we think that a little study 
of elementary psychology would have prevented Prof. 
Roux giving vent to his extraordinary ideas as to the 
origin of consciousness. 

The remaining papers in the first volume deal chiefly 
with special cases in which Prof. Roux has elucidated 
the wonderful functional adaptation which is seen not 
only in the finest details of structure (such as the arrange¬ 
ment of the connective tissue in the tail-fin of the 
dolphin), but also in the makeshifts which the organism 
produces to make up for injuries to its original structure 
(as, for instance, the structure of the bone in the case of 
knee anchylosis). 

The huge second volume is devoted to the subject of 
the “ Mechanics of Development,” of which study Prof. 
Roux may, as we have said before, be regarded as the 
founder. A considerable portion of the volume is taken 
up with replies to the successive publications of Driesch 
and Hertwig, who have pursued this branch of zoology 
with such brilliant success. Prof. Roux has only himself 
to thank if more attention is paid to the publications of 
these observers than to his work ; for he has carried in 
this subject theorising and prolixity to an intolerable 
excess. The main difference between Driesch and 
Hertwig on the one hand, and Roux on the other, may 
be briefly stated : the former maintain that in the 
segmentation of the egg, we have a process which is 
essentially a mere multiplication of nuclei, all of which 
are similar to each other ; the relative position of these 
nuclei determines what organs of the body they will 
eventually help to form ; if their relative positions are 
altered by pressure or other mechanical means, their 
respective fates will be altered ; or if one of tire first 
eight segments of the egg be separated from all the rest, 
it is still able to form all the organs of the adult. Roux, 
on the other hand, maintains that by the formation of 
the first four segments of the frog’s egg, the materials 
which are capable of differentiating themselves into the 
right and left sides and anterior and posterior halves of 
the animal are separated from each other, and that if 
one of the first two segments of the egg be severely 
injured, the other will develop into a half blastula, and 
eventually a half gastrula, and even further ; the missing 
half will, however, be regenerated by the “reanimation” 
of the wounded blastomere by the migration of nuclei 
from the developed side. 

It is of course extremely probable that in the normal 
course of development, the first segmentation furrow may 
coincide with the future long axis of the embryo, and if 
this is the case, the second furrow being at right angles to 
the first, will necessarily divide the egg into halves, one of 
which will be anterior and the other posterior. The ques¬ 
tion, however, whether this coincidence is essential or 
accidental, can only be settled by forcing the egg into such 
positions that the direction of the furrows dividing the 
segments is altered, and then observing whether the 
developmental history undergoes a corresponding altera¬ 
tion. Driesch and Hertwig have done this, and laid a 
strong foundation for their view, that the segmentation 
nuclei can be shaken together like a bag of balls, and still 
normal development ensue ; and in the case of echino- 
derms and amphioxus, their theory, it seems to us, has 
been proved up to the hilt. Hertwig has written also a 
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paper on the development of the frog, in which he denies 
altogether the interpretations which Roux puts on his 
observations ; he maintains that all which happens when 
one of the first two blastomeres of a frog is injured, is 
that the wounded side is delayed in its development. If 
the two segments are nearly separated from each other, 
each pursues its development as if it were a complete 
ovum. Roux’s answers to these statements are two-fold : 
first he affirms that Hertwig, through not exercising con¬ 
tinuous observation, missed the semigastrula stage, and 
only saw the embryo after the “ post-generation ” or 
‘'reanimation ” of the wounded half had set in ; and with 
respect to Driesch’s work on echinoderm eggs, he suggests 
that by separating the segments or subjecting the egg 
to pressure, the normal machinery for bringing about 
the development is upset, and a special regenerative 
machinery, the reserve “ idioplasson,” brought into play ; 
this occurs at a later period in the frog, but from the very 
beginning in the echinoderm. 

It seems to us that with regard to the first point, Roux 
still holds the field ; although we await with interest 
further observations on this subject from such a distin¬ 
guished zoologist as Hertwig. It is a priori clear that 
in the ordinary course of affairs one blastomere gives rise 
to half the embryo ; and as there are a large number of 
gradations conceivable between completely killing one 
blastomere, and only slightly checking its growth, there 
must be some point at which it is determined whether the 
remaining blastomere shall develop as a whole egg or in 
its normal manner. We cannot avoid the suspicion that 
Roux’s semigastrulae are conditioned by the contact of an 
actively developing half, with a stunned but not killed 
blastomere, whose influence is sufficient to prevent the 
other half acting as a whole egg. On the other hand, 
Roux’s reply to Driesch seems to us extremely feeble. 
To assume that by slightly altering the conditions of a 
developing egg an entirely new machinery is brought 
into play, is not only an altogether unproved gratuitous 
hypothesis, but it is an attempt to discount any evidence 
which may be gathered from physiological experiments 
on eggs which behave differently to those of the frog. 
When the hypothesis of “ mosaic development ” or “ self¬ 
differentiation ” requires bolstering up in this fashion, it 
must Ire in a bad way. 

The second volume contains a considerable number of 
papers, comprising the whole of Roux’s work on the 
frog’s egg. Besides the important and fundamental 
points we have mentioned, we find Roux’s contribution to 
the vexed but still unsettled question of the nature of 
gastrulation, also some extremely interesting observations 
on the effect of alternating electric currents on the 
unsegmented and segmented egg. As the conclusion of 
the whole matter, Roux takes up a position decidedly 
opposed to the theory of epigenesis ; he is in the main 
an evolutionist, though he admits that for the complete 
development of the organs from their embryonic 
rudiments the functional stimuli are necessary. Driesch 
has also proclaimed himself an evolutionist, though he 
points out (what Roux seems to us to forget) that in 
dealing with the facts of biology we must proceed 
inductively, and not set out with preconceived ideas as to 
the constitution of living matter. E. W. M. 
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THE INDIAN CALENDAR. 

The Indian Calendar, with Tables for the conversion of 
Hindu and Muhammadan hito A.D. dates , and vice 
versa. By Robert Sewell, late of her Majesty’s Indian 
Civil Service, and Saukara Balkrishna Dikshit, Train¬ 
ing College, Poona. With Tables of Eclipses visible 
in India, by Dr. Robert Schram, of Vienna. Pp. (in¬ 
cluding index) 169 ; tables, &c., cxxxvi. (London : 
Swan Sonnenschein and Co., Ltd, 1896.) 

LTHOUGH to many persons the chief interest of 
this publication (which must have cost the authors 
an amount of labour simply enormous) will be in an 
antiquarian and historical point of view, it has another 
aspect, judicial and practical, which was the immediate 
cause for its appearance. Documents bearing dates prior 
to those given in any existing almanac are often pro 
duced before Courts of Justice in India as evidence of 
title ; and as forgeries, many of which are of great 
antiquity, exist in abundance, it is necessary to have at 
hand means for testing and verifying the authenticity of 
such documents when brought forward. Prof. Jacobi, 
Dr. Schram, and others, have within the last ten years 
thrown much light on the subject of the Indian methods 
of time-reckoning ; but as their labours are only to be 
found scattered in scientific periodicals, the results are 
not readily accessible to officials and others to whom they 
are of importance in enabling them to determine ques¬ 
tions in which the calendar, or rather calendars, observed 
in different parts and amongst the different peoples of 
that vast territory known as India, play an important 
part. Hence the Government of Madras requested Mr. 
Sewell to undertake the formation of a summary of the 
subject, accompanied by tables for ready reference. That 
gentleman not only accepted the task, but enlarged the 
scheme (which rendered it of a kind only to be called 
herculean) so as to make it include in its scope the whole 
of British India ; and it has received the recognition of 
the Secretary of State for India. But besides containing 
a full explanation of the Indian chronological systems 
with the necessary tables for the conversion of their dates 
into ours, and vice versa , the volume is enriched by a set 
of tables of eclipses, most kindly furnished by that great 
j authority on the subject, Dr. Robert Schram of Vienna. 
In the earlier stages of his undertaking, Mr. Sewell had 
the assistance of Dr. J. Burgess, late Director-General of 
the Archaeological Survey of India. Afterwards he 
entered into correspondence with Mr. Saukara Balkrishna 
Dikshit, of the Training College at Poona, and it was 
agreed that the work should be completed under their 
joint authorship. The elaborate introductory treatise is 
mainly by Mr. Dikshit; several explanatory paragraphs, 
however, particularly those relating to astronomical 
phenomena, having been added by Mr. Sewell, who 
acknowledges the assistance received from Prof. Turner 
of Oxford, Prof. Kielhorn of Gottingen, and Prof. J acobi. 
The tables of the latter were published in numbers of the 
Indian Antiquary , and Mr. Dikshit states that his cal¬ 
culations were, to a large extent, based upon these, 
though the original scheme had been propounded by M. 
Largeteau. We do not propose to enter into details here, 
which cannot be made interesting to the ordinary reader. 


© 1896 Nature Publishing Group 



